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Remedial and preventative measures
for the control of non-point sources
of water pollution are the subjects of this extensive state—of—the-art
study.
The control of sediments, nutrients, pesticides
and chemicals
from eleven different land use activities
is discussed.
A description,
evaluation and cost estimate is presented for each of the approximately
one hundred remedial and preventative techniques contained in the catalogue.
References to over two hundred documents on the control of non—point
sources
of water pollution are listed.
Analytical techniques used to evaluate the






Purpose of the Catalogue
 
On April 15, 1972, the Governments of Canada and the United States
signed the Great Lakes Water Quality Agreement. As an integral part
of this Agreement, the International Joint Commission was asked to
establish a Reference Group to study pollution in the Great Lakes
system from agriculture, forestry and other land uses.
Subsequently, the eighteen—member "Pollution From Land Use Activities
Reference Group” (PLUARG) was formed with an equal number of Canadian
and United States members to answer the following three questions:
Are the boundary waters of the Great Lakes System being
polluted by land drainage (including ground and surface
runoff and sediments) fromzagriculture, forestry, urban and
industrial land development, recreational and park land
development, utility and transportation systems and natural
resources?
(1)
If the answer to the foregoing questions is in the affirmative,
to what extent, by what causes, and in what localities is
the pollution taking place?
(2)
If the Commission should find that pollution of the
character just referred to taking place, what remedial
measures would, in its judgement, be most practicable



























































































































study, nonapoint water pollution was defined as including all sources
of water pollution with the exception of discharges from industrial
operations and municipal sewage treatment plants. The latter two
































































































to the control of sediments, nutrients, pesticides and chemicals
associated with eleven land use categories. The evaluation included


















and the associated benefits and costs. This information is presented
for each technique on a single catalOgue page.
In order to avoid problems where a single remedial measure may be used
to treat problems associated with a number of different land use
activities, a system of cross references has been prepared in matrix
form in Figure 1. By referring to this matrix, the user can quickly
identify the remedial measures available to control any of the four
pollutants associated with each of the designated land use activities.
A page number is also included to direct the user to the correct
catalogue entry.
It should also be stressed that this catalogue represents a compendium
of individual practices applicable to the treatment of specific problems.
Real world situations may often require the application of several of
these practices in combination in order to provide a proper land
treatment system .
Many of the individual practices found in this catalogue have been
developed over a long period of time and are known to be effective when
properly applied and maintained. When applied as a land treatment
system, each practice in the system has a specific and complimentary
relationship to the other practices. Often the total land treatment





















































































































































































































































be detached from their place of origin and transported. Sediments
are considered pollutants when they render water unfit for a
particular use either by their presence in suspension or as deposits
on the bottom. The detrimental effects of sediments may include
obstruction of drainage channels and conduits, interference with
navigable waterways and harbours, filling of reservoirs, deterioration
of aquatic habitat due to turbidity and deposition, clogging of water
filters, and concentration of pollutants in sewers which result in
highly polluted discharges during the "first flush” of storm runoff
events.
Associated with the physical aspect of the sediments, are the other
pollutants which are contained within or tightly attached to the
Most
sediment particles. of the phosphorus in the soil, whether it comes
from organic or inorganic sources, is absorbed onto the soil particles.
Organic or humus nitrogen lost from soil into water is associated with
sediment. Because of the tight binding characteristics of some pesticide
residues to soil particles it is suggested that the general pollution of
waters by pesticidesoccurs through the transport of soil particles to
which the residues are attached. This phenomenon also holds true for a
number of chemical pollutants as well. Thus control of many other
pollutants in the chemical, nutrient and pesticide classification depends










































































be incorporated into an organic species — organic P.












A secondary distinction is made between particulate and
dissolved forms of P, the split conventionally being made at 0.45 micron
particle size.
In soils and waters,
N occurs
as the nitrate ion
(N03‘), the ammonium
ion (NH4+)
and in organic compounds
(amino N, hetercyclic N etc.).
Small amounts of nitrite
(NOZ‘)
may be present but the amount are
usually small compared to other forms.
All of these fonns may occur
in the dissolved and the particulate form, with
the conventional
distinction also being made at the 0.45 micron particle size.
Pesticides
Pesticides are widely used in the Great Lakes Basin today.
Overall, more
than half the harvested area for crop production has been treated with
pesticides.
Most pesticides








































































































































































































































































































































































































































































































































































































































































































































































































































































































THE SOURCES OF THE POLLUTANTS
 
Pollutants of a nonpoint source nature are contributed to the environment
by a host of natural processes but are most affected by man's activities.
The Reference Group on Pollution from Land Use Activities has developed
a grouping of activities into eleven land use categories,
namely; Urban,
Agricultural, Recreation, Forestry, Extraction, Transportation, Liquid
Waste Disposal, Deep Well Disposal, Solid Waste Disposal, Lakeshore
and Riverbank Erosion, and Shoreline Landfilling.
It is to these
categories of land use that the search for remedial measures for the
control of nonpoint source water pollution has been addressed.
Urban
The urban land use is perhaps the most complex land use with regard to the
Although
all are interrelated to some degree, the pollutant sources can be
1
sources and transport mechanisms of nonpoint source pollutants.
described by four general groupings; urban wash off, combined sewer
overflow, hydrologic modification, and seepage to groundwater.
Within the context of the urban land use there are innumerable. contributors
of contaminants which, in turn, are washed off the urban surfaces and
into the aquatic environment. These contributors include particulate
emissions from industry, automobile residues and emissions, litter,
leaves and garden waste, animal excreta, pesticides, deicing compounds,
dust, etc. These substances contain contaminants which are not normally
naturally found in surface runoff, or in such significant quantities,
as are introducted to the land surface by urban use.
The next group of urban nonpoint source pollution is from the overflow of
combined sewers which not only discharges the contaminants listed above
from washoff to the storm drains, but also introduces sanitary wastes

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mainly for extraction of sand and gravel but also for clay and peat;
quarries for the removal of bedrock as crushed stone; open—cut mines for
extractions of iron ore and coal; underground mines for the extraction
of metals, gypsum, and rock slate; well fields, where brines are pumped
for their content of dissolved salts; and oil fields where brine is
produced as an unwanted byproduct of oil withdrawal.
Pollutants from these activities include suspended solids or sediments,





















site drainage containment, hydrogeology, intensity of operations,





Land use activities related to transportation include highways and roads,
railroads, airports, and pipeline and utility corridors. Runoff from
the surfaces of these facilities during their construction, operation
and maintenance carries many different pollutants to the aquatic
environment.
Sediments from soils eroded during site clearing and construction along
rights—of—way; pesticides; salts used as deicing chemicals; oils, heavy
metals and other waste productions from vehicle emissions and highway
operations; and roadside littering and spilled materials contribute
to the types of pollutants from transportation.
Factors influencing the generation of such pollutants include intensity
of use and maintenance activity, soil type, precipitation, pesticides
used, climate,amounts of deicing compounds needed, etc.
Liquid Waste Disposal
 
Use of land for the disposal of liquid wastes includes such activities as
the disposal of municipal sewage effluents and sludges, industrial
liquid wastes, and runoff from livestock confinement areas. While
industrial liquid wastes are seldom beneficial to the land, there
are several benefits to be derived from the recycling of municipal
sewage effluents and sludges and runoff from livestock confinement areas.
Utilization of these latter two types of liquid wastes is usually because
of its nutrient and soil conditioning value. Pollutants associated
with these activities are nutrients, organic materials, heavy metals,
chemicals, some sediments, and pathogenic bacteria and viruses.
Factors influencing the release of the above pollutants through either
surface or subsurface drainage relate to soils and hydrogeology, application
rates and methods, topography, cropping practices, precipitation, control
















































































































































































































































































































































































































































































































































































































flowing through or from landfills; contamination of water percolating
through the landfill and subsequently infiltrating to the groundwater
regime; groundwater flowing through landfills; and gases from landfills
dissolving in groundwater. Air can act as a transport mechanism by
carrying decomposition gases and particulate matter for dissolution or






























































































Solid Waste Disposal (Landfills) (Cont'd)
 
Factors affecting the movement of contaminants from landfills include
hydrogeology, precipitation, construction of the landfill, contaminants
migrating and attenuative capacity of the soils prior to surface discharge
of the contaminated groundwater.
Lakeshore and Riverbank Erosion
The nonpoint source pollution associated with Lakeshore and Riverbank
Erosion relates to the erosional activity as a result of wave action
and flow velocities. The generation of sediments is the primary
contaminant associated with these areas. Factors influencing the
release of pollutants from shorelines and streambanks include soil
types, wave action, flow velocities, steepness of banks, precipitation,
vegetative cover, adjacent land uses, seepage and overland flow.
Shoreline Landfilling
Landfilling of the shoreline to extend the dryland areas, and the
dredging of bottom deposits and their disposal, are the two activities
associated with this land use category. Sediment is the dominant
pollutant released to the aquatic environment by these activities,
although some landfill materials and bottom deposits may contain
other contaminants which could be significant.
Although open—water or adjacent—to—water disposal of fill or dredged
materials is a well established procedure, the aggregate effect of
this activity together with the waste disposal practices of lakeside
communities is being viewed with concern that the benefits from
expensive remedial measures to control some practices are not
jeopardized by shortcomings in others. This is certainly the case
in open—water dredged material disposal, where both nutrients and toxic
substances may be redistributed to adversely affect some viable water uses.
Factors influencing the release of sediments and other contaminants during
these activities include fill or spoil material characteristics, landfilling
or dredging techniques, containment measures around filling operations or






































































































































































































































































































































































































































































































































































































































































































































































































































In addition to the structural and non—structural distinction between
remedial measures is the aspect of source control versus treatment of
pollutants already in the transport system. It is generally recognized
that prevention measures to abate the generation of contaminants before
they become mobile, is a preferable approach. Source control techniques
themselves may not be adequate to achieve sufficiently the desired
water quality criteria and hence treatment of the waste stream may
sometimes be necessary in tandem with source controls. In some circumstances
it may be more cost effective to concentrate the remedial efforts
primarily on in-transit pollutants. Both types of control measures
have been included in the catalogue section of this study.
Use of the Matrix and Catalogue Entries
 
This study has considered eleven catagories of land use activities and four
groups of pollutants. A matrix has been designed to act as an index and
to correlate the remedial measures to the land use activities and pollutants
to which its application serves benefit. The matrix was also organized
so that a reader not having previous knowledge as to the name or nature
of the remedial techniques might access the matrix, follow down the
subject land use activity and have all applicable remedial measures for
various pollutants identified.
The user would then select the titles of the remedial measures which address
both the subject land use activity and pollutant the user is wanting to
control and view the catalogue pages identified.
The catalogue page identifies the remedial measure, applicable land use and
pollutants controlled by the measure, and gives a description of the
design, configuration, practice or materials. The description also
suggests efficiencieswhere applicable and suggestions for design
considerations, in some cases. Advantages and disadvantages are listed
and capital, operating and maintenance costs, or cost implications
are identified where applicable. Costs (in U.S. dollars) have been
indexed to June 1976 and can be related to an Engineering News Record
(BNR) Construction Cost Index of 2533.


































































































































































































































































































































































The solution of a non-point source water pollution problem, if viewed in
a systems analysis approach, requires the methodical consideration of
all aspects of the problem, all alternative methods of solving the
problem, and the evaluation of alternatives to identify the most cost-
effective solution or otherwise most appropriate course of action to
follow. Extensive research in recent years has addressed the definition
and quantification of non—point sources of water pollution. Several
predictive techniques and procedures for analytically calibrating these
predictive techniques have been developed and these techniques
are sometimes compatible with use to evaluate proposed remedial measures.
This study has included a cataloging of technical remedial measures which
form a large portion of the alternative methods available to solve non-
point source water pollution problems. In this chapter of the study
discussion is given on the existance, usefulness, and description of
many of the currently available analytical techniques used to evaluate
the application of specific remedial methods in a given problem situation.
The indirect nature of the way in which these analytical evaluation
techniques are capable of considering the effects resulting from the use
of various remedial measures is discussed in detail in latter sections.
However, due to this indirect method of predicting resultant pollutant
loads, most of these techniques are capable of being used equally well
for evaluating the effects of land use planning and regulatory control
decisions for a particular watershed. It should therefore be emphasized
that although this following discussion on analytical evaluation
techniques has been undertaken in conjunction with a cataloging of
technical remedial measures, these techniques are equally applicable
to the evaluation of the effect of non technical watershed management,





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































be adjusted to more closely simulate measured data for a particular
watershed. The Storm Water Management Model (SWMM) and the Hydrocomp
Simulation Program (HSP) are examples of direct dynamic simulation
models which can be calibrated to yield reliable results.
Evaluation of Specific Remedial Measures
Techniques for the prediction or evaluation of non—point source pollution
are, in the main, just transgressing beyond the developmental stage
into the age of application. With the exception of the Universal Soil
Loss Equation, which has been in common use for many years, the evaluative
techniques have only recently been fully tested and documented to the
point where practitioners in the field of non-point source pollution,
engineers and planners, are adopting the techniques for use in the
prediction of pollutant loadings. Each of the evaluation techniques
requires input data upon which the function or model makes its prediction.
Remedial or control measures influence the prediction made by the
evaluation techniqueby varying one of the source characteristics,
or by causing an effect on the transport processes. For example, since
most techniques predict sediment washoff, which is influenced by such
factors as precipitation energy, soil erodability, topography,
vegetative cover, etc. any remedial measure which modified one or more
of these factors will cause a resultant change in the prediction of
sediment yield. A difficulty arises, however, in that the magnitude
of the modification of the characteristic, is not sufficiently
researched or documented for direct use of many soil conservation and
land management practices, most source control remedial measures are not
well documented for pollutant control efficiencies. It is therefore
necessary for most techniques to possess parameters which will vary
within a finite range according to the combined influence ofthe local
conditions and any superimposed remedial measure. The input characteristics
are then adjusted according to the users judgement as to the relative












































































































































































































































































































































































































































































































































































































































































































































































































































Evaluation of Specific Remedial Measures (Cont'd)
 
Floodwater transport of floodplain debris
Floodwater scouring of floodplains
Salt leakage from oil fields
Drainage—borne pollutants: forests, wetlands, agricultural lands
Nutrients in irrigation return flow
Groundwater contamination with nitrates, metals, bacteria, pesticides
Direct deposition of fertilizers and pesticides in surface waters
Improper disposal of construction and demolition debris























































































































































































































































































































































































































































































































































































TECHNIQUE: Agricultural Runoff Management (ARM) Model












































































































































































































































































































































































































































































































































































































SER(t) = KSER * SRER (t) OVQ(t)






















































































































































































































































































































































































































this process is as follows:
X/M =KC(1/N) + F/M
Where X/M pesticide adsorbed per unit soil, micrograms/grams
F/M ” pesticide adsorbed in permanent fixed state per unit soil,
F/M is less than or equal to FP/M when FP/M is the permanent
fixed capacity of the soil in micrograms/gramsfor pesticide.
























































































































































































































































Soil moisture storage parameters
Index to actual evaporation




Length of overland flow plane
Average overland flow slope
Mannings "n" for overland flow





Depth of soil incorporation
Fraction of land cover on a monthly basis
Time when soil is tilled
Fine deposits produced by tillage
Exponent of rainfall intensity
Coefficient of soil splash equation
Initial soil fines deposit
Pesticide application method
Time of pesticide application
Year of pesticide application
Maximum solubility of pesticide in water
Permanent fixed pesticides adsorption
capacity of soil
Coefficient and exponents for
Freundlich Equation
Depth of surface zone
Bulk density of soil



















































































































































































































































































































































































































































































































































































































































































































































TECHNIQUE: Feedlot Runoff Model
DEVELOPED BY: Kansas State University
PURPOSE/FUNCTION: To evaluate the performance of feedlotrunoff control
facilities on a site specific basis by computer simulation.































































































































































































































































































in FORTRAN IV and requires a maximum core storage of 48k—bytes. Computer
charges vary relative to the system used but the cost of a 25-year daily



















































































































































TECHNIQUE: Non—Point Source Pollutant Loading (NPS) Model
DEVELOPED BY: Hydrocomp Inc., Palo Alto, California
PURPOSE/FUNCTION: The NPS Model is comprised of sub-programs to represent the
hydrologic response of a watershed, including snow melt, and the processes
of pollutant accumulation, generation and washoff from the land surface.
DESCRIPTION OF TECHNIQUE: The Non—point Source Pollutant Loading (NPS) Model
 
is a continuous simulation model that represents the generation of non-point
source pollutants from the land surface. The model continuously simulates
hydrologic processes (surface and subsurface), snow accumulation and melt,
sediment generation, pollutant accumulation, and pollutant transport for
any selected period of record of input meteorologic data. The NPS Model
is called a "pollutant loading" model because it estimated the total
transport of pollutants from the land surface to a watercourse. It does not
simulate channel processes that occur after the pollutants are in the stream.
Thus, to simulate in-stream water quality in large watersheds, the NPS Model
must be interfaced with a stream simulation model that evaluates the impact
of channel processes. The model uses mathematical equations, or algorithms,
that represent the physical processes important to non-point source
pollution. Parameters within the equations allow the user to adjust the model
to a specific watershed. Thus, the NPS Model should be calibrated whenever
it is applied to a new watershed. Calibration is the process of adjusting
parameter values until a good agreement between simulated and observed data
is obtained. It allows the NPS MOdel to better represent the peculiar
characteristics of the watershed being simulated. Fortunately, most of the
NPS Model parameters are specified by physical watershed characteristics that
do not require calibration. However, the importance of calibration should not
be under estimated; it is a critical step in applying and using the NPS Model.
The NPS Model can simulate non—point pollution from a maximum of five different
land uses in a single simulation run. The water quality constituents simulated
include water temperature, dissolved oxygen (DO), sediment, and a maximum of
five user—specified constituents. All are considered to be conservative due to





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































erosive force of specified rainfall)
= the soil erodability factor
= the slope length factor
the slope gradient factor
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SOURCE OF INFORMATION: 25
 Page 49
5.4.10
TECHNIQUE: Pesticide Transport and Runoff Model (PTR)
DEVELOPED BY: Hydrocomp Inc., Palo Alto, California
PURPOSE/FUNCTION: A mathematical model developed to describe quantitatively,
pesticide runoff as a function of pesticide and soil properties, agricultural
practices, watershed characteristics and climatic factors.





















vertical distribution with respect to the soil surface is considered as a
general requirement. The initial pesticide phase, spatial distribution and










































































































































































































































































































































































































































































































































Application elsewhere was not available.




The following is a partial list of sediment prediction methods for which
detailed review was notpossible, but which may offer the reader further
awareness to research should the techniques described herein prove insuf-
ficient to meet his needs.
Einstein Bedload Function
Colby Modified Einstein Function
Toffaleti Total Load Method
Lacey's Silt Theory
Pemberton Modified Einstein Function
Flaxman Statistical Analysis
Woolhiser's Deterministic Watershed Model
U.S. Agricultural Research Station's Upland Erosion Model
U.S. Agircultural Research Station's USDAHL—73 Watershed Model
U.S. Agricultural Research Station's "ACTMO" Chemical Transport Model
NEGEV's Watershed Model
STANFOR IV Watershed Model
Huff Hydrolic Transport Model
Royal Institute (Sweden) Hydrologic Model

























































   
  
Remedial Measures Aunlieatiun Matrix
               
:
o
LaNd Use a) 8 a.) a: or.
5-4 L: (D «S U) 6-3 S:
:3 O > «H (‘3 1/} 0.x (Du-4
4-) -H -H $4 3H HHdv—ehc CH
-—4 +4 4-) o a: Ha:ch OCUC-Hr—d
. . g a e e e e 38 ee'eeeas'a:
Remedial TeChmqueS .e '2 e e 2: 5: get 8 e: e323 see














1 Chemical Soil Stabilizers S n S n S n S
2 Roof Top Ponding s n
3 Dutch Drain (Gravel filled ditches
with option drainage pipe in base) 5 n
4 Porous Asphalt Paving s c S n s c
5 Precast Concrete Lattice Blocks 5 n s n S n
and Bricks c c
6 Seepage Basin or Recharge Basin 5 n
(Single Use) c
Recharge — Detention Storage 5 n s n
7 Basins (Multi—Use) _5
8 Seepage Pits or Dry Wells 5 n
c
9 Pits, Gravity Shafts, Trenches s n
and Tile Fields C
Recharge of Excess Runoff by a s n
10 Pressure Injection Well c
11 Conservation Construction Practices S S S S s
12 Temporary Mulching and Seeding of
Stripped Areas S S S S
13 Conservation Cultivation
Practices on Steep Slopes S S S S















15 Temporary Check Dams on Small
Swales and Watercourses S S S S S
Significantly Effective in Moderately Effective in
Reducing Magnitude of Pollutant Reducing Magnitude of Pollutant











P — pesticides p - pesticides













23 O > +3 Cd U) 0.x 0-H
4.: "-4 "-4 $4 ZHHH (vb—454;: ;:-—1
v—< u 4-: o «i -—4 rt! 3 w on: war-4
:5 c6 4-) U $1 “U U) a) U) mgpo H-H
. . s: 0 <1) 0) as w-Hozo-oomhaow
Remedlal Techlques 2 a s 2: :3 5:: as: e 2 e322: :2
H 01) 0 O X H -r-4-r-4 CD-r-t O‘Hm-v-(IHJZC'
D < Of. LL LL} E—' AD DD madman (IL—l
Seeded Areas Protected with
16 Organic Mulch S S S










Single Family Aerobic Treatment
18 Systems 'N c N C N C
19 Contour Listing S
20 Disposal of Treated Sewage s N s N s N S N S N
Effluent by Spray Irrigation c c c c C
21 Surface Water Diversion S S
22 Terraces (Diversion Terraces) S S
No—Tillage Cultivation (Slot
23 Planting, Zero Tillage) S
24 Pesticide Application Methods P P P
25 Alternatives to Chemical
Pesticides P P P
26 Slow Release Fertilizers N c c
27 Placement of Fertilizer N c c
28 Timing of Fertilizer Application N c N c
29 Roughening of the Land Surface S
Promotion of Soil Clods or
30
Aggregates S
31 Stripcropping S s s
32 Miscellaneous Tillage Alternatives S
33 Conservation Tillage S



















a :3 O > +4 «3 m 0.x 0-H
.‘ +2 .r-4 -:-+ H 3‘ r—‘l r—4 -—< «5 --¢ $4 : :r-«
s H u p o wram ZCUOGC-HH
* . . :: 8 53 12 % S‘Eé’é’é’eé’ﬁﬁﬁmi
g Remedlal Techlques a a :3 2: s a a a a :1 3,9223 :32
‘ $4 00 <1) 0 >< H -r-4 -r-4 0) 'H o 'H w-HH .c: ct:
a :3 <1 at. u. m [—~ .4 a Q o m a 4mm mg
36 Improved Soil Fertility S
37 Timing of Field Operations S











“ Direct Dosing of Alum to a Septic ﬂ
40 Tank N N N 3%};






“ 42 Retention Basins for the Treatment a










44 Horizontal Shaft Rotary Screen S n ij
.s 31;!
45 Vertical Shaft Rotary Fine Screen S n gt
—
46 Treatment Lagoons * s N s N s N
—T 47 Rotating Biological Contactors * N N N
48 Trickling Filters * N N N
49 Contact Stabilization N N










































54 Surface Water Diver51on S n ,9
c c c C .
55 Reducing Ground or Mine Waterlhflux: n C n C
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Annual Storage and Land Application
63 of Livestock Wastes
. . S n























































































73 Auger Mining s n
c
74 Reducing Surface Water Infiltration n c n c





























































23 O > +3 C6 U) 0.x (D‘H
+4 ‘H ~r—< 5-4 3‘ .—< v—< v—4 «5 H H c CH
H u p o mram 2 momc'HH
:3 «S +4 0 CL '1: m a) m m 42,20 H'H
. . C. U (D U) ((5 m -r-4 0 3 O '0 O why-4 mm
Remedial Techlques 2 r: t: 2: :3 a as: as; :2 was :32
H on a) o >< H -H-H <v-r—< o-r-4 con-1H .cm
:3 <1: Dﬁ LL LL] E" .4 C1 Q Q U) Q AMI-L1 (IL—J
76 Blocking
77 Check Dams s s s S
q 78 Retaining Walls for Road
Construction for Steeper Slopes S S
79 Revegetation -Reforestation
Cut Areas and Bare Slopes s S S S S
80 Vegetative Buffer Strips S S S S n
81 Sediment Basin S S S S S
82 Rip Rap Bank Protection S S S S S
_ Protection of Culvert Outlet, Chute
83 Outlets, etc. 5 S S
‘ 84 Dolos (Offset assymetric
tetrapods) S















' 86 Revegetation of Mine Tailings:
Stabilization S
‘ 87 Slope Lowering of Spoil and
Tailings Stockpiles 5







89 Waste Exchange for Resource C
Recovery
- s n














93 Grass Channels or Waterways
S n 5 n
S n
S
94 Permanent Diversions 5 n S n S n S n S n









     
         
 
     
f:
0
















u -H -H H 3:F« —«—< m ~«s4c crs
r-4 u 4—: 0 Cd r—d «3 3 to can: -r-4v—«



















































96 Reduction and Elimination of
Highway Deicing Salts C C
97 Septic Tank/Tile Bed Sewage
Disposal v N N N















































103 Treatment Systems N N N
104 'Clivus Multrum N N N








107 Hydroseeding S S S S S
108 Catch Basin Cleaning Snc Snc







































































































Chemical soil stabilizers include a number of various chemicals which are used to in--
crease the cohesion between soil particles. These include alkyd emulsion; a mixture
of sodium polypectate; glycerinand ammonia; polyvinyl acetate copolymer emulsion;
hypolymer synthetic resin; liquid asphalt; high strength rubber emulsion; etc.
The liquids are normally sprayed upon recently seeded areas or denuded soil to increase
the cohesion of the surface soil in order to reduce erosion and evaporation losses and
thereby help effect the development of a permanent vegetative cover. With the except—


















effectiveness ranges from a few weeks to a few months with very little long term effect

















































































— relatively easy and quick method for — relatively costly for large area
stabilization of disturbed areas - may reduce infiltration to a limited
- adaptable to most conditions and topo— degree
graphies


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.TII Dutch Drain (Gravel filled Ditches with optional Drainage










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 liﬂe Recharge — Detention Storage Basins (Multi~Use) 7
 
|(eyvvords Urban, Agriculture, Sediments, Nutrients, Chemicals






Multi—use recharge basins are large downstream impoundment areas for the temporary
storage and infiltration of storm runoff. Recharge basins can only be effectively
used where infiltration characteristics are favourable. These facilities are often
used as a detention storage facility primarily with recharge as a secondary benefit.
Recharge basins are designed on the basis of the desired storm runoff volume to be
contained and recharged and/or the degree of retardation of the flood peak. Sediment
traps are required to minimize clogging of the basin bottom and extensive maintentance
is needed both to maintain permeability and to clean debris to facilitate other open
space uses of the basin. Proper design of the inlet to prevent scour of the basin floor
is important and will reducemaintenance. The establishment of dense turf on the
basin side slopes is recommended.
Disadvantages












































































often.recharge basins can be constructed




















can be put touse as recharge basins
ing effect of the soil therefore is a
risk of pollution where recharge water is
of variable quality
basins extremely susceptible to clogging
unless recharge water is fairly free of
sediment G the basin is maintained
frequently
Capital Costs
Costs consist of volume of excavation






















structure detail and soils encountered.
 
Operating and Maintenance Costs
Sediments should be removed from the
basin floor regularly. Lightequipment
should be used in removal operation.
Growth ofalgae has been a problem where






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































11ﬂe Pits, Gravity Shafts, Trenches and Tile Fields 9
 




















The purpose of these techniques is to recharge storm drainage to shallow aquifers
where surface conditions are favourable. These techniques can mostly be used only
































































































































































































































































































































































































































































































used in an area which overlies a
depth. Water used for injection
water, or better. The injection
the storm water, the river water
under high pressure and out into




































































































































































































































































































































(during water rich periods) as for with—
drawal (during water scarce periods) as
long as water quality of the injected
water is suitable
the technique is applicable to areas
which are not directly on the outcrop
of an aquifer or in highly“permeable
soils
Disadvantages
expensive installation and must be very
carefully monitored and maintained to
avoid loss of efficiency
Very vulnerable to pollution of ground-
water
effectiveness depends on aquifer charact-
eristics
very susceptible to clogging by sediments
or bacterial or chemical deposits
Capital Costs
Very high - dependent upon geOlogy, depthof
well pretreatment facilities, capacity,
etc.
Operating and Maintenance Costs
Major maintenance costs result from:
clogging from sediments
sealing of aquifer by pollutants which
may react with the soil chemicals
clarification of recharged waters using






















































































The purpose of these measures is to reduce the generation of sediments by minimizing
the areas stripped during construction and filtering or diverting runoff from large
stripped areas. These techniques can be applied to all sites undergoing construction
especially those where there are large areas stripped of vegetation at any one time.
Minimization of stripped areas is accomplished by careful programming of the develop—
ment and phasing of construction to ensure minimal area is disnxrbed prior to revege—
tation. Conservation of topsoil is achieved by stripping it from areas to be regraded
or disturbed (ie. by the installation of services), and stockpiled in concise piles
for respreading at a later date. By concentrating the topsoil piles into limited
areas it is easier to control the sediment and runoff than if it were more widely dis—
turbed. Straw bale filters are rows of straw bales which are stacked tightly together
lengthwise perpendicular to the prevailing ground slope. Usually a double row of
straw, for removal of sediment, is necessary, particularly when used on long slopes. Wher
their usefulness is finished, the straw may then be used for mulching of the area when
it is to be finally seeded. May reduce bank erosion and instability during and
following ditching operations. Sediment control efficiency may be very high for low













l) A vegetative cover will minimize erosion,1) Economy of scale for earthmoving machines
thus minimizing the area of bare ground are such that all earthmoving done at one
at any one time during construction ' time.
which reduces the erosion potential. 2) Straw bale barriers or diversions may
2) Minimizing erosion on site and limiting limit the manouverability of equipment
the amount of sediment being carried off on the site.










































Minimization of stripped areas is a manage-
ment technique which is not costed due to


































filter construction: estimated cost $1.50-
$2.00 per bale installed.
 
Previous Experience
Technique is applicable throughout the Great Lakes Basin and is being widely used.
Acceptance of the additional inconvenience is slowly being gained by contractors.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Conservation Cultivation Practices on Steep Slopes










These are techniques used during the construction period on areas which may be bare for
periods too short to make use of temporary mulches or cover crops. Careful cultivation
can in these cases, greatly reduce the volume of sediment generated on the area.
This technique is based upon three general management practices. 1) Direction of 7
Cultivation: generally where it is not hazardous for the operator, cultivation should
be along the contour leaving the surface as rough as possible for the purpose required.
2) Type ofCultivation: The base soils should never be left with a finer surface
texture than is absolutely necessary thus if harrowing provides a sufficiently fine











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
11ﬂe Temporary Check Dams on Small Swales and Watercourses 15
'(eyvvords Urban, Transportation, Erosion, Extractive, Agriculture, Sediments.
Applicable Land Use Pollutant Controlled
Urban Agriculture Sediments
Transportation (construction)
Extractive Lakeshore & Riverbank
Erosion
Description
The purpose of this technique is to prevent gully erosions occurring during the con-
struction period either in temporary channels or in permanent channels which are un-
vegetated and therefore susceptible to high sediment flow. This technique consists
of constructing a barrier of relatively pervioUs material perpendicular to the flow
in order to impede the runoff and create an upstream pool where sediments will settle
out. Straw bales, straw bales supported by gravel filters, wire fence and straw bales
or a combination of all three have successfully been used in small temporary applicat-
ions. The width and height of the check must be sufficient that the expected flows
will have sufficient cross-section areas to filter through without creating excessive
upstream ponding or overtopping or circumventing of the check dam.
Removal of up-
stream accumulated sediments and replacement of clogged straw bales is a necessary
maintenance activity.
tion.
Installations must be removed prior to final channel stabiliza—



























wash out a portion of the accumulated sediment.
Advantages
- not only preVentsgully erosion bUt also
cause the precipitation of high proport—
ion of the sediment load in the rUnoff.
- in some cases, if carefully located and
designed thesechecks can remain in a semi—
permanent installation with minor re-
grading, at least until final reVegetat—
ion. '
Disadvantages
- because of temporary nature many measures
are visibly unattractive
- removal of the item may be a significant
cost in some areas
— suitable for limited drainage areas since
failure could result in an increased slug
of the accumulated sediments being washed
downstream
Capital Costs
.Costs for these temporary facilities are



















estimated in the range of $300 to $500.
 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































11ue Seeding Areas protected by Netting or Matting 17
 
Keyvvords Urban, Transportation, Extractive, Forestry, Sediments, Erosion.
 
Applicable Land Use Pollutant Controlled





The purpose of matting and netting is to stabilize the surface of the soil and to pre-
vent erosion during establishment of vegetation. Most mattings do not have any soil
moisture retaining benefits but there are a few exceptions. It is used almost
exclusively on steep slopes and for the protection of swales and channels to be
vegetated. Generally used where soil moisture conditions are good and where a mulch is
unnecessary to retain moisture and yet where some soil stabilization is required. Used
in swales where high velocity of runoff during the period of establishment of
vegetation is likely to cause scouring. Materials include: jute; twisted paper mesh;
fiberglass; finely woven plastics; excelsior; and woven metal wire.
For maintenance, the protected area should be regularly inspected. Any clods holding
the matting off the ground should be tamped into the soil and matting should be stapled
down in any depressions. Following severe storms the installation should be inspected
for undercutting. After a year a top dressing of fertilizer will help improve cover—
age of vegetation and the degradation of the temporary matting. A high percentage of













— less expensiVe than most other stablizat— — lack of soil moisture retention benefits


















— any seed mix can be used without
necessity to consider the decomposition
period of an organic mulch
— not subject to wind blowas are organic
mulches but must be well anchored to pre-




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The rows areplanted in contour furrows which reduce the velocity of water movement
down the slope. Row breaROVerand crossing during crop establishment is much less likeln
than with standard contour. If the corn is cultivated for example, the furrows are
gradually closed. An implement called a "lister" is used to keep the furrows open.
The need for open furrows is less critical after the corn has developed a canopy
cover. The practice is most effective during the crop establishment period which is
the time when erosion hazards are the greatest.
Contour listing is a form of conservation cultivation but it was developed in the past
to the extent that a specific implement was developed for that single purpose. Its
limited use on long slopes and its incompatibility with highly mechanized large acreage
farming operations has resulted in a decline in useage of the techniques. Sediment
reduction for very low intensity storms is estimated in the 25% to 50% range. Technique
is of little benefit for high intensity storms.
7 Advantages Disadvantages
A type of contour furrow which is Not effective on long slopes unless support-
effective in reducing sediment discharges ed by terraces or run off diversionsl
for low intensity storms. May interfer with the use of large
mechanized equipment. On poorly drained
soils it may aggrevate wetness problems.
 
Cost Implications
This practice may require an additional tillage operation. Additional costs should














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Operating and Maintenance Costs
— Periodic removal of accumulated sediments
which may decrease hydraulic capacity of
























































































































































































































































































































































































































































































































































































































































fore reduction of velocity and therefore
reduction of erosion. Adaptable to most
sloping land conditions.























Estimated at $120 to $250 per hectare.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Keyvvords Agriculture, Forestry, Transportation, Urban, Recreation, Pesticides
 






Non—chemical methods of pest control can reduce the use of pesticides and thus their
entering into the environment. However, for the foreseeable future there will be a
continuing need for pesticides in combination with these methods. These non-chemical
methods include the following:
1) Agricultrual practices: These practices include changes in methods of cultivating
ie. the removal of crop debris which provides host sites to pests.
2) Biological control: A substantial number of devastating and extensive pest problems
have been resolved by introducing or conserving natural pest enemies. This
technique is still in the research stage and not fully reliable.
3) Insect sterilization: The use of sexual sterilants for the supression of insect
population.
4) Insect toxins and pathogens: A form of germ or virus warfare against pests using
organisms which are highly specific to the target pest. Very few toxins or patho—
gens are yet licensed for use in any part of North America.
5) Insect attractants: Includes fluorescent light rings, sexual attractants, etc.
which attract alien insects for destruction or sterilization, etc.
Advantages Disadvantages
— decreased use of pesticides - increased production costs, time and
inconvenience
~ techniques still in developmental stage




- potential savings in pesticide costs.
- alternative costs not sufficiently identified.
Previous Experience
Only cultural practices, insect attractants and insect sterilization are beyond the
research stage.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The method of application and placement of fertilizers in relation to root distribution
and moisture is important in increasing the effectiveness of fertilizers. General
methods for applying fertilizer include broadcasting and disking, plowing before



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A Source of Information
182, 33, 100, 137, 116, 181, 239, 237.
 




Applicable Land Use Pollutant Controlled
Agriculture Sediments
Description
The most effective roughening depth for combating wind erosion for soil is 5 to 13 cm.
The minimum stubble-mulch tillage leaves the soil in a rougher condition than
conventional tillage. Special planters such as deep—furrow or hoe drills produce
a roughness in the 5 to 13 cm. range and are especially effective in providing wind
resistant surfaces. Emergency tillage in which land is roughened with chisels or
listers is used as a last resort when vegetative cover is not adequate to provide
contr01_ This technique can be used for both fall and spring tillage operations
depending upon the occurrenceof wind erosive conditions. Chisel and disk ploughs are
also useful implements to achieve a rough land surface.
Although primarily a wind erosion oriented technique, surface roughening is beneficial
with respect to reducing sheet erosion as well.
 
Advantages Disadvantages
— effective low cost method of wind
erosion control
- secondary benefits due to increased
infiltration and surface detention of
runoff
— seed bed preparation may not be optimum
 
Cost Implications


























- wide spread use in areas prone to wind erosianumich includes parts of the northern
states and southwest Ontario.
   

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































yields will decrease rapidly on steep land
if erosion is not controlled. This benefit
should also be evaluated when considering
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The objective of conservation tillage is to loosen the soil, distribute residue on the
surface between the rows to be seeded, to place the seed in a firm bed of moist soil
that will warm quickly to promote germination and establish vigorous seedlings. The
current trend in agriculture is away from sod based crop rotations to a greater
proportion of row crops and it has created serious erosion increases and problems. It
is a matter of great concern. Research verifies the benefits of special agricultural
practices combating these problems. Runoff plots show that rotation with corn, cereals,
and hay can significantly reduce soil and water losses. Yield benefits may also
result from improved soil physical conditions and nutrients supplied. Residues
maintained on or near the soil surface improve water infiltration and reduce soil loss
to less than l/lOth of that on fields without residues. Disk and chisel plows or
heavy duty cultivators effectivelykeep residues near the surface. For large fields
subject to erosion a combination of field stripping and mulch tillage can be effective.
White beans, soybeans and some corn are grown on more level, fine textured soils where
runoff is not serious, nevertheless, surface runoff deposits sediments and nutrients
in drainage ditches to the extent that grass bordering strips are recommended. Fields
planted to corn in rotation with sod or green manure crops and plowed under, suffer less
than a third of the soil loss.
Disadvantages
For a time low tillage was considered a
practical means of saving timeand energy
as well as soil in corn production. The
problem with this is often lower crop
yield. Lower soil temperatures and poorer
tilth, particularly on medium and fine
texture soil, is believed to be responsible
for the yield decline.
Advantages
Chisel plowing is popular and appears to
have benefits in energy saving and reduct-
ion of erosion & maintenance of yields,
particularly if used in conjunction with
moldboardplowing on some soils. Alone,
chisel plowing can reduce yields compared to
moldboard plowing, but not to the extent
experienced with no till practices on the
fine textured poorly drained soils.











































































the fine textured soils.
g*‘"
Previous Experience
Applicable technique to the Great Lakes Basin which is increasing in popularity.
  
' ‘7 37,148,154,86,88,274,275,276,_181,182,239,237.






































































































































































































































































































































































































































































































































































































Applicable Land Use Pollutant Controlled
Agriculture Sediments
Description
Winter cover crops are temporary revegetation of the fields with a low cost narrow
row cover crop which is often referred to as green manure when it is ploughed under.
The soil conditioning benefits of the cover crOp are incorporated into the soil to
increase the residue content. The basic philosophy behind the technique is to
maintain a vegetative cover for as extensive a period of time as possible while also










— provides good base for planting of the - usually no advantage over heavy cover




















































































drying time of field caused by mulch




































































































     




































































































































































































































































































































































































































































     
11ﬂe Timing of Field Operations 37
Keywords Agriculture, Sediments.




Research has found that timing of field operations greatly affects the discharge
of sediments given the climatic conditions of the Great Lake areas. Fall plowing
facilitates more timely planting in wet springs, but greatly increases the
winter and early spring erosion hazards by exposing vulnerable soil surfaces to
the spring runoff and spring rainfalls, thus higher sediment yields result. By
leaving the field undisturbed over thewinter period and timing the cultivation
practices after spring runoff a substantial decrease in the sediment contribution





















































dependent upon weather conditions and
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The purpose of grassed outlets is to provide an erosion resistant covering of areas
vulnerable to the high velocity flow exiting from drainage conduits. The
sodding or seeding around the outlet should be done to a sufficient extent
to reduce the exposed areas subject to erosion. Grassed outlets may also be
utilized as side slope drains to facilitate the drainage of graded roads and
terrace channels and downslopes with minimal resultant erosion. Such grassed
outlets involve establishment and maintenance costs and may interfere with the
use of large implements. If grassed outlets are used to control active gullies,
however, it may be more convenient to drive through a smooth grassed channel than
to work around a gully.
Grassed outlets are also useful in reducing erosion of banks around tile outlets and






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A device for the partial removal of suspended solids in storm water runoffor combined
sewer overflow. The swirl concentrator converts a linear flow motion into a rotary
motion and through its configuration the solids settle to the bottom for alternate
discharge or further treatment. The treated effluent is discharged over a weir on the
top of the tank. To avoid pumping of the foul underflow it is recommended that the
regulator be fitted between the hydraulic gradients of the inlet sewer and the
interceptor receiving the foul flow. The device is useful as an overflow regulator
for combined sewers to maximize the quality of the overflow discharge. Full scale
testing has shown that at flow rates from 10 to 220 litres/second, suspended solids and
BOD , removals based on concentrations were in the order of 18% to 55% and 29% to 79%
respectively. Removal of Suspended Solids on a mass basis ranged from 43% to 65%.
 
Advantages Disadvantages

















floatable solids and BOD — subject to clogging of outlet pumps or





















































pumping is not required — dry weather flow may not be great enough
to carry accumulated solids to the floor



























































0.55 er cu.m. er 3. ca acity per year
2238 lisec $ 131,883 $ 1:3 - maintgiance c056: includepallowance for
4000 1;::: 14a’000 35 clogging, chamber cleaning, servicing of




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 11ﬂe Stationary Screens
43
 








The stationary screen is designed on the basis of flow rates and removal performance
required. The screen assembly and configuration requires about 2 to 2.5 metres of
hydraulic head loss, however, recent lower head models are available which require
only 1 to 1.25 metres of hydraulic head loss. Collection flumes for sludge and
screened effluent are required. The sludge is of sufficient concentration that it
will not flow and it must be sluiced to return it to the sewer.
Advantages
— energy efficient technique
Disadvantages
- equal hydraulic distribution to multiple
units is problematical
- pumping may be required
Capital Costs
Including housing, flow equalization
channels, etc. construction costs are
approximately $ZSO/1/sec.
 
Operating and Maintenance Costs
No moving parts or energy consumption,
therefore, operating and maintenance costs


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Tiﬂe Vertical Shaft Rotary Fine Screen 45
 
Keywords Urban Runoff, Sediments, Nutrients.
 




A tightly woven wire mesh fabric fitted around a drum is used to strain the waste
water flow. The drum of the rotary fine screen rotates about a vertical axis at high
speeds (0.5 to 1.0 cycle/s) and the influent is introduced into the centre of the
rotating drum.
- largest unit available (1975) was 130 l/sec. capacity
- includes hot and cold water sprays and detergent cleaners to clean screen
— removal efficiencies range from 60 to 90 percent for settleable solids, 30 to 32
percent for suspended solids and 16 to 25% for COD.
 
Advantages Disadvantages
— less physical area required than for con— — uses special backwash solution





























used as pretreatment device. flows







































































Source of Information 186: 135’ 48’ 135’ 138’ 237’ 249'
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- multi use capability
























































































































































































[(eyvvords Urban, Agriculture, Recreation, Nutrients, Sediments.
  





The R.B.C. is similar to a cross between a trickling filter and activated sludge
system.
It consists of a horizontal shaft supporting a set of rotating discs upon
which a biomass is grown, and a shallow contact tank that houses theshaft disc
assemblies. The rotating discs are partially submerged and baffles are used between
each Shaft—disc unit to prevent short circuiting. The removal of organic matter from
the waste flow is accomplished by adsorption of the organic matter at the surface of
the biological growth covering the rotating discs. The reported BOD removal
efficiencies range from 60 to 90%, Settleable Solids at 80 to 90%, Nifrogen and
Phosphorus at 40 to 50%, 708 or better COD removal rates maintained up to 8 to 10 times
dry weather flow. Linear reduction of COD removal efficienty from 70% down to 20% for
a flow range of 10 to 30 times dry weather flow.
Advantages Disadvantages
— relatively low power requirements — requires base flow to keep biomass
— fair degree of flow variation can be active
handled - little control of biological process
— shock loads are handled effectively — design aspects not well advanced














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Contact stabilization is considered in lieu of other activated sludge process modifi—
cations for treating combined sewer overflows, because it requires less tank volume
to provide essentially the same effluent quality.
mixed with returned activated sludge in an aerated contact basin for approximately
Following the contact period, the activated sludge is
settled in a clarifier and the concentrated sludge then receives additional treatment.
The combined sewer overflow is
BODS and SS removals on combined sewer overflow achieved 83 and 92 percent respectively.
Advantages
- high degree of treatment
- reduction of the loadings on dry-weather
facilities, by dual use of facilities
during normal operations and emergency
shutdown of the main plant
Disadvantages
— high initial cost
— the facilities must be located next to
a dry weatheractivated sludge plant
— adequate interceptor capacity must
exist to convey the storm flow to the
treatment plant
Capital Costs
$19,000/l/sec. for 1000 l/sec. plant
 
Operating and Maintenance Costs
$.02/1000 l for a 1000 l/sec. plant
Previous Experience













LSource of Information 135,
  






























































































































































































































































































































































































































































































































































































































































































































































 11ﬂe Physical—Chemical Systems
51
 









When a high quality effluent is required, such as may be expected in storm water
reclamation and reuse, physical-chemical treatment systems may become both
feasible and desirable.
Physical—chemical systems are those means of treatment in
which the removal of pollutants is brought about primarily by chemical clarification
in conjunction with physical processes.
The process string generally includes
preliminary treatment, chemical clarification, filtration, carbon adsorption, and
disinfection.
During the last 12 years, research has advanced physical-chemical
treatment technology to the point where it is becoming competative in cost with
biological treatment, especially for situations where significant phosphorus
removal is required.
to 100%, Phosphorus 90 — 99%,
Removal efficiencies; BOD
Nitrogen 45 — 98%.
5 — 90 — 97%; TOC — 74 — 94%; SS — 85
Advantages
— very high quality effluence achieved
— can reduce loading on dry weather
plant
Disadvantages








































Operating and Maintenance Costs
$0.01 to $0.06/cu. m. - 40 million litres/
day plant
$0.01 to $0.05/cu- m- - 100 million litres
day plant
$0.01 to $0.03/cu- m- _ 400 million litres
day plant
Previous Experience





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Research studies have been done on the adsorption of organochloride insecticides onto
natural
clays.























particularly when more demanding exchange elements are present.
Temperature did not
significantly vary the results.
Depending on concentration,
type of pesticide, type
of clay adsorbant and the turbidity, up to 98% of the amount dissolved can be held on
the clays.
Thesis values of cone of clay — bentonite.












bentonite removed 14, 23 and 30% respectively of HEOD
(dieldrin) from water of the
same concentration.
Although organochloride insecticides are no longer widely used,
this principle of
adsorption of chemicals onto clays finds usage with other chemicals and is probably
one of the mechanisms inherent in vegetative buffer strips around fields which increases
pollutant removal efficiencies.
Advantages Disadvantages
- A natural phenomenon which is inherently — Desorption and remobilization is a
present when runoff filters through soils,
real PTOblem and desorption concentrat—
or when sediments are contained. ion 0f 3 ugm/l and 1 ugm/l for Clay
concentrations of 1.0 and 10.0 gm/l
respectively
— still in research stage
Cost Implications
No costs available at this time.
Application appears treatment plant oriented due to potential aggravation of
turbidity problems in natural watercourses.
Previous Experience
Research study results are available but no actual installations revealed by literature
research. Method gives insight into natural phenomenon of attenuation/purification by
soils.
    





































































































































































































































































































































































































































































































An impermeable liner can be placed against the high wall of a surface mine to prevent
the influx of groundwater.
auger holes that require sealing, or a surface mine has broken into an underground
Underground mine openings encountered during
strippingare often
sealed with clay or concrete block walls.
parallel with dewatering techniques to avoid the buildup hydrostatic pressure.
This application is seldom used except where there are
Impermeable barriers are often used in
Advantages
— prevention of the dissolution of minerals
from workings or landfills.
have some attenuative effects as well as
being relatively impermeable.
Disadvantages
— have not had wide usage to date and





Because of high variability of technique application only unit prices are given.
ranges from $2.30 to $7.80 per cubic metre including installation depending upon
source and haul distance.
metre depending on area, labour, materials, farming requirements, and haul distance.
Clay
Concrete in place costs approximately $100 to $200 per cubic
include additional costs depending upon present site conditions.
Previous Experience
but no examples were
This technique is known to be practical in some United States mining operations,
























































































































































































































































































































































































































































































































$33.00 per lineal metre depending upon the type and size of pipe used.
Previous Experience
Design methodology and criteria are well documented. Mining operations in Northern

























—   
11ﬂe Evaporation Ponds ' 57
Keywords Extractive, Nutrients, Chemicals .




Large holding/evaporation ponds may be used to prevent discharge of mine wastes.
Mine discharges can be collected and conveyed to a large holding pond or series
of holding ponds. This system is designed to provide that all influent water is
lost to the atmosphere through evaporation and no discharge occurs. The bottom
of the pond should be lined where impoundment materials are permeable. Clay
liners may be particularly useful because of their ability to adsorb pollutant
forming materials such as the arsenic compounds. The system must be designed
with capacity for flow retention during periods of high rainfall and low evapor-
ation rates. Settled solids will have to be remOVed from the pond periodically
in order to maintain proper capacity.
Advantages Disadvantages
— on site retention of pollutants — highly dependent upon local hydrologic
conditions













The cost of pond dikes range from $0.45 to Minor except for occasional clean—out of
$0.85 per cubic metre. Lining costs de— accumulated sediments.
pend upon materialsused, availability and
area coverage. Clay liners cost $2.30 to
$7.80 per cubic metre including material
and installation. Indigenous soils, availv

















































heat source is available.
 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3-whee1 - $23,000 to 28,000
4—wheel - $35,000 to 38,000





















































Extractive, Solid Waste Disposal, Nutrients, Chemicals.
 







This technique involves the use of bore holes, casing and pumps to transfer water
from one point to another in order to reduce groundwater flow into a mine or land-
fill. A complete hydrological site evaluation of the area to determine the aquifer
characteristics in water flow system is required prior to installation . The
groundwater flow system is intercepted prior to movement of water through the site
in question and water is prevented from contacting the pollutant forming material.
The uncontaminated water is then discharged down gradient from the mine or land~
fill. The use of these systems is highly technical therefore groundwater geologists
should be consulted to perform site evaluation to determine the feasibility to design
the system.
This technique is also referred to as "purge wells" or "counter pumping" when used
for the control of leachate migration from solid waste disposal sites.
Advantages Disadvantages
— prevention of the contamination of ground- — relatively costly
water, reduction in the volume of water — will work under favourable conditions
to be treated if required only
- system designed to be variable depending
on local hydrogeological factors
 
Cost Implications
Costs can only be developed on an individual application basis. Costs will be a
function of geologic strata, casing size, number of wells, hydraulic characteristics
of the aquifers, volume of flow to be pumped, energy costs, chemistry of the ground—
water which in turn may lead to corrosion of well streams, periodic replacement and/
or maintenance of well stream or pumping system may be required.
Previous Experience
This technique is used commonly for dewatering of excavations and foundations and to
a limited extent for the control of landfill leachate migration.
Source of Information 145.







































































































































































































































































































































































































































































Methodology and design criteria are well developed. Several installations for the
treatment of mine wastes in the United States and Ontario.
"m‘ _ i__4




















































































































































These plants have operated with little
Does not remove contaminant but transforms
problem and have returned several streams
its effects.
Probable downstream impact
to a quality that supports aquatic life.
due to increased mineral content of sedi—
ments.
  
Capital Costs Operating and Maintenance Costs
Several plants installed by Pennsylvania .
Operating costs have ranged from $300 to
have capital costs ranging from $40,000 to
$741 per month or about l.5¢ per cubic
$54,000 and have treated flows ranging metre in periods of low flow and l.8¢ per
from 568 to 21,764 cubic metres per day. cubic metre in periods of high flow.
Previous Experience
Generally still in research stage. Several installations in Pennsylvania.
 



























































































Disposal of digested liquid sewage sludge is commonly via land application by tank truck.
During the autumn and spring months when soils are soft and wet due to precipitation
conventional sludge handling vehicles are unable to drive over the fields without
becoming mired or causing excessive rutting and compaction of soil. Various types
of vehicles have been examined to determine their suitability for spreading sludge
on fields under adverse conditions. These included a tank truck, a sludge injector,
a bulldozer, a front end loader and an all terrain vehicle. Not one of the vehicles
or methods investigated proved to be ideally suitable and effective; however, the all



















land with regard to potential runoff contamination during the spring melt. Storage











— the all terrain caused minimal field - the bulldozer is too slow and heavy and
damage and was judged most appropriate causes excessive damage to topsoil and
for land disposal of sludge; however a turf. Front end loader too cumbersome
larger tank would be required on the all and also causes field damage.
terrain vehicles to improve efficiency. - tank truck becomes easily inoperative
— injector frequently clogs with soil and ﬂ
ineffective in hard soil or frost




















Various types of vehicles are used throughout the Great Lakes Basin for the land






































































































































































































































































- elimination of daily spreading
climatic conditions
Capital Costs
Operating and Maintenance Costs
1
Annual storage and direct plow down of
livestock wastes is estimated to increase
farm operation costs by about 15% as com-
pared to frequent application, no signifi—
cant stockpiling and incorporation only
when convenient to a tillage operation.
 
Previous Experience
This is a practice applicable to and currently practiced in the Great Lakes Basin.
It has been adopted as a good farming practice by many agricultural agencies and is
eligible for grant/loan assistance in many jurisdictions.
source of Information 203, 89, 102, 33, 121, 124, 225, 239, 237, 152, 190, 206, 219,































































































































































































































































































































































































$1,750.00 per hectare to $3,550.00 per 1
hectare for sewer cleaning equipment.
 
Operating and Maintenance Costs






































































































































































































— wide range of options
depending on
- limited control of pollution in overflow.
sophistication required
— can be designed to contain as much
contaminated water for treatment as
possible
— maintains optimum sewage treatment
operation
Capital Costs Operating and Maintenance Costs
Capital costs are dependent upon diameter
0 G M costs range from $600 to $700 for
inlet and outlet pipes, accessibility,
static non—mechanical devices to $1,200
mechanical nature of equipment, etc. Costs to $2,100 for the dynamic mechanical
range from $1,000 to $4,000 for static devices.
non-mechanical devices to $200,000 to
$600,000 for large dynamic mechanical
regulators.
   
Previous Experience
Many municipalities in the Great Lakes Basin with combined sewers are updating their
regulations. The development of regUIators to maximize overflow quality has resulted
in new consideration being given to the return to combined sewers in some circumstances.









































































































































































































































































































































































































































































































































































































































































































































































successful methods of controlling water
pollution from surface mines.
A necessity with both urban and rural


































































































































































































































































































































































types of contour mining. They function to vehicle movement.
best when mining has been performed to the
rise of the mineral seam. Effectiveness of
the barrier depends upon the integrity of
the formation and local hydrologic condit—
ions. The barrier should be utilized in
the context of a reclamation plan.
All of mineral deposit is not utilized.
 
Cost Implications
The costs of this technique are a function of the site conditions of the individual
mine site. They have not in the literature been separated therefore estimation is
difficult. Unfortunately a low wall barrier used in contour mining contains the most
easily extractable mineral in the mine. The minerals remaining in the barriers are
not likely to be mined in the future because of their geographic distribution over
large areas.
Previous Experience
Design methodology and criteria well developed.
In current use by some coal extraction operations.
   
Source of Information 145
l__________.i


















































































































































































































































































































































































































































































































must be considered experﬁnental.
 
Cost Implications
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— OVerburden is handled only once, grading
and revegetation areas are reduced
— concurrent reclwnation , relatively small
disturbed area, use ofcontour regrading
and confinement of most of the spoil to
the mine area
height of 18 m.
of overburden
— limited at present to terrain slopes of







Capital Costs Operating and Maintenance Costs
It appears that this method is no more
expensive than any other method where con-
tour regrading is required and could
eVentually prove to be less costly.
 
Previous Experience
Utilized in the coal fields of Pennsylvannia.
 
Source of Information 145-
   




















































































































































































































































































































































































































































































































































































































































































































































































 liﬂe Box Cut Mining
71
 






and cast down slope.





The box-cut method, utilizing only one cut, is essentially a normal form of contour
strip mining which leaves an undistrubed bench over a low wall.
carded down slope, using an acceptable slope control technique and eventually re-
With two cuts, vegetation is remOVed and suitable top soil overburden
Remaining overburden is remOVed to a pre—determined elevation
The box cut operation then begins nearest the exposed high
wall with this overburden cast over the low wall area, the mineral is then extracted
A second cut is then made toward the low wall barrier
with the spoil material cast into the first cut trench.
Overburden is dis-
Advantages
— generally applicable to surface mining
on rolling to steep terrain




- unless some very careful planning is
done and operations carefully controlled
further problems may develop
- steep slope conditions could severely
limit the application
- problem of preventing slide conditions,





This is a relatively inexpensive mining technique. Costs have not been broken out for
Costs will vary according to the mining plan, local factors at
Previous Experience
Open pit mining areas of Pennsylvannia, Ohio and Minnesota.
  
, Source of Information 145-
.
 




















































































































































































































































































































































































































































































































technique. Costs of reclamation
Previous Experience



















Title Auger Mining 73
 








This mining method is used to recover coal behind a high wall of a surface mine.
Large
augers are driven horizontally about 60 metres into a pole seam.
Coal is recovered in
a manner similar to wood chips from a drill bit, successive parallel holes are driven
into the pole seam until the operation becomes unfeasible.
The strip mine is then back-
filled over the auger hole openings.
Recovery is often less than 40%.
Advantages Disadvantages
If carried out properly pollution potential Special compaction procedures are required
can be minimized. when backfilling auger holes, if auger
operation is carried out in acid producing




This is a mining technique rather than a remedial technique therefore costs have not
been determined.
Previous Experience
Generally in developmental stage.
 












































































































































































































































































































































































































































































































Some materials very prone to
damage, possible effects of settlements,














































































Gunite $19.00 to $22.00 per sq. metre.
Carbonate bonding $.95 to $3.00 per sq. metre.





















































































































Roads,b0th during construction and while in service,are the largest single cause of
sedimentation in water courses in forested areas.
No amount of design or construction
expertise will eliminate sedimentation as well as a thorough planning and reconnais—
sance program.
At this stage the potential for mass earth mOVement,
high unstable
soils,





limited in areas adversely affected by landform, climate, topo-
graphy,
etc.
and assessments should be made of land capabilities to recover.
Considered to be the most important phase of logging road development.
Advantages Disadvantages
— reduces costs not anticipated when roads
are located in an improper manner.
— allows anticipation of erosion problems
before they occur therefore, resulting in
preventative measures being taken.
Cost Implications
Increased design costs and time to implementation. Possible savings in construction
and restoration costs.
Previous Experience
Advocated by logging companies and government agencies in Canada and U53. Methodology





















Blocking is any process that reduces amount of oxygen entering the mine sulphide
environment and thereby reduces amount of sulphide acid produced. Various methods
of oxygen exclusion have been tried. Among the less successful are latex surface
barriers, groundwater—aquifer control, filling, and removal of solids. The most
successful — blocking with grouted limestone blocks, also provides a measure of
neutralization and retards groundwater movement. Oxygen contents of 16—17% have
been achieved with 50-60% reduction in H2804 production.
Disadvantages
Advantages
- unforeseen fractures and irregularities
- moderately effective








Source of information 8, 142, 145.
 



































































































































































































































































































































































































































































































































































































































































Widely used in all parts of Canada and U.S.
   
jource of Information 92, -108, 110, 120, 126,106~
L  
   
11ﬂe Retaining Walls for Road Construction for Steeper Slopes 78
Keywords Forestry, Transportation, Sediments.»




Retaining walls bring about an abrupt changein grade or enable the utilization of a
steeper overall slope than otherwise possible. Three types of walls are used and
each has a limited height design.
1. Gravity walls or buttresses are suitable for moderate soil pressures and are
designed for the height of 2.4-3 metre walls.
2. Crib walls can be built up to 6 metre to withstand moderate soil pressure
3. Cantilever walls allow a 7.6 metre height to counteract most Soil conditions.
This has proven to be an effective method to eliminate most soil movement.
Advantages Disadvantages
- allows roads to be built across steeper — very costly
slopes than normally possible - may be susceptible to soil erosion unless
otherwise designed
Capital Costs Operating and Maintenance Costs
Capital Cost in the order of $300 to $1000 — Maintenance should be minimal if properly
per metre depending upon height and 5011 designed and constructed.
conditions.
Previous Experience
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































l(eyvvords Forestry, Agriculture, Urban, Liquid Waste Disposal, Sediments, Nutrients?—
Applicable Land Use Pollutant Controlled




Where vegetation is being cleared adjacent to a watercourse, a strip of riparian
vegetation should be left along the streambank.
The wider the strip the more effective
it will be in filtering out sediment. In agricultural lands, grass buffer strips
between row crop areas and watercourses have been found very effective. Not only does
a vegetative strip filter out sediment carried in overland flow, it also reduces and
slows down overland flow that causes rilling and gullying on streambanks. Vegetative
buffer strips add to the stability of the upper zones of the bank. This is a useful
practice as cultivation up to the edge of the bank leads to a weakening of the top
of the bank and contributes to bank failure.
Advantages
Disadvantages
- economical method of reducing sediment
- often leaving a strip of vegetation may
entering the streamcourse
‘
lead to its demise due to sudden exposum
— important to aquatic life, retains water




- small areas taken out of production
 
Cost Implications
Installation.costs can range from $250/hectare for minimal tillage and manual broad—
casting of seed to $3000/hectare for hydroseeding with mulch, however, costs due to




























strips is not difficult.
   A
r——_———i



























































































































































































facilities require maintenance and removal of debris and accumulated sediments if the














which would certainly enhance the quality
— costs may be too great in relation to
of water entering natural streams
the project
.
- decreases turbidity and BOD — difficult and expensive to remove fine
particles in this manner.
  
Cost Implications
Varies according to depth, area, availability of materials, type of contrOl structure,























. 180 110 119,107 110,108 58,81 125,134,92,I06,190 239 237,232,207,
éource 0f|nf0rmatlon 210’.221’.231.248’,249. ’ ' ’ ’








































Rip rap is broken angular rock which when placed in ditches and on streambanks provides
physical protection against the scouring action of flowing water and provides resist-
ance to surficial sloughing of the bank material. The rip rap rock should have a
size gradation to allow packing of the layer to minimize voids. It should be sized
to withstand the shear forces exerted by the stream velocities to which it will be
exposed.
When rip rap sizes exceed about 0.5m in diameter, it is also referred to as "armour
stone". Such large rip rap or armour stone is used extensively for shoreline protection
and shoreline landfilling as protection against wave action.
Advantages Disadvantages
— ec0nomical method of providing localized — requires sloping surface of 2H to 1V to
or lengthy protection against stream— 4H to 1V depending upon soil conditions
bank erosion and stream hydraulics
— control of undermining or loss of
structures and useable land
Capital Costs Operating and Maintenance Costs
$9.00/sq. m. to $18.00/sq. m.depending upon Periedie". replacement or iregrading of
size ofrock required, localized areas where extreme event exceeﬁ








Source of Information 92, 38,81,107,108,110,120,126,232, 106,







































tile outlet and always when passing down a chute. A scour hole or plunge pool will
develop unless the end of the culvert or chute is protected.
Should such developy the













Initial loss of local materials will occur and then stabilization
will result.
2)
Protected Apron of Riprap,Gabion,Concrete, etc.:
If the plunge pool is not accept—
able,
dumped rock, hand placed riprap, rock filled gabion baskets,
concrete mat,
etc. may be used to provide an erosion resistant, energy dissipating area adjacent
to the culvert or to outlets, thereby protecting the area subject to erosion with
an artificial covering.
3) Stilling Basins:
Where flow is excessive for the economic use of dumped stone or
other energy dissipaters, stilling basin can be used.












































upstream and destroy all the lateral
support of the culvert, therefore causing
failure.
Capital Costs Operating and Maintenance Costs
The size and type of structures required Extreme runoff events may require some
5 are dependent upon the design flow, soil restoration or rep051t10n1ng of rip rap.
conditions and available areas for the
construction of the facility. Costs may
range in the order from $50 for dumped
rock in small applications to many thous—
ands of dollars for sophisticated stilling
basins for large flows.
Previous Experience
Common practice. Design methodology and criteria well established.
   
_
Source of Information
110, 107, 180, 120, 181, 81, 108, 126, 232, 92, 106.
 





























Dolos are offset tetrapods
by providing a barrier against which waves break.
are designed to be placed in an interlocking manner so that they do not move
independently, but act in unison against impinging wave energy.
Dolos
out of steel or concrete.
size designed to prevent wave action from causing eroSion
The barrier may be on or offshore.
They may be constructed
Advantages
This expensive procedure is usually
undertaken on high energy shorelines
presented to open oceans, however, can be
used for lower energy shorelines by
scaling down the size of the dolos
Disadvantages
Maintenance must be carried out to ensure
broken dolos are either repaired or
replaced as broken units allow movement
that can become destructive. Large crane
equipment required for emplacement and
maintenance.
Capital Costs
$980/15 cu. m. unit.
Operating and Maintenance Costs
— periodic replacement of damaged units.
 
Previous Experience
Used in many places around the world for harbour protection in high energy wave zones.




































































































































































































































































































maintenance and less environmental damage.
Previous Experience
Various shoreline modifications some of which are exceptionally long lasting.
This technique is now required by most appropriate regulatory agenc1es.
   












































36 kg/ha are placed and mixed into
were found to work well:
Intermediate Wheatgrass 17 kg/ha
Red Fescue 17 kg/ha
Alfalfa 11 kg/ha
Birdsfoot Trefoil 5.5 kg/ha
50.5 kg/ha
is established.


































































































































































































_ The tailings are basic pH 7.4 —
Nitrogen 60 kg/ha and phosphorus
of the tailings. Seeding
Two mixtures
Smooth Brome 22.5 kg/ha
Perennial Rye Grass 5.5 kg/ha
Alfalfa 5.5 ka/ha
Birdsfoot Trefoil 11 k /ha
44.5 ka/ha
Mulch should be a hay mulch on slopes
Advantages
The procedure is useful in controlling
Slope GpH have to be considered in design-
ing the mixture. Maintenance is .eSSential
for first 3—4 years otherwise causes large
scars and sediment discharges.Returns a
scarred landscape to aesthetic greenery
again. Frequent use is made by wildlife
deer,rabbit, fox and birds.
erosion & therefore sediment loss to stream"
Disadvantages
— slope limitations
— may require4 pH adjustment
- may introduce toxic elements into
food chain
— a partial management practice only.
Capital Costs
$2000 to $3000 per ha.
cost for lime addition if low pH is
encountered.
 
Operating and Maintenance Costs
- cutting of grass





Many mining companies have some experience with revegetation.












































































































































— low runoff and siltation
— extra cost incurred from grading
- aesthetic improvement - larger land area required
Capital Costs Operating and Maintenance Costs
Unit Costs: $0.18 to $1.15/cu.m. with a
mean of $0.48 for spoils moving
















Many examples in United States and Ontario for treatment of old tailings stockpiles.
Most new tailings stockpiles are included in a restoration plan.
   

















































































































































































































































































































































































































































































































































































digester required in the conventional
activated sludge process
— extremely flexible to local conditions
- may release urban development of an area
from restraint of municipal sewer
treatment when central seWer system is
feasible






















































$0.12 to $0.18 per 1000 litres treated
Capital Costs
$1,000 to $1,500 per family unit served
excluding sewer costs.










































































































































A coordinating body which actively promotes cooperation between and among industries
who can accept and utilize waste materials. The body can act merely as a catalyst
or an information exchange to alert industries of potential markets for waste residue
or it can also be a materials handling body (a clearing house) which actually transfers
waste materials from the producer to the consumer.
Advantages
Disadvantages
— may prove invaluable as source of raw — requires extensive public relations work
materials for industries while solving to be established and continual updating
waste disposal problems for others of information required
— reduction of industrial solid wastes,
less land required for disposal




















































































































































































Source of Information 179
































































































































































































































































































- reduces soil erosion
 
Cost Implications
Site specific. Dependent on location, soil conditions, rainfall, types of wastes
landfilled and operational characteristics. Gravity interception drains are usually
more economic than dewatering wells but both are very geology dependent.
Previous Experience
Several installations in Canada and the United States.

























































































































































Where suitable municipal system is available, leachate treatment costs likely to be more
economical than construction of on site treatment facilities. Costs are municipally
dependent upon particular treatment facilities and effluent standards required.
Previous Experience
Lycoming County, Penn. tried aerated lagoons.
Toronto, Ontario





















































































Streambanks may be divided into four zones:



















way zones naturally covered with willows and shrubbery plants; upper riparian or flood

















stream flows and protect the stream bed.
obstacle slowing down current waves by friction.
reed, reed grass and bulrush.



















The reed bank zone forms a permeable
Suitable plantsare the common









































upper riparian zone is rarely flooded.
indigenous to the area.


























- stream bank vegetation can break wave
action and the velocity of flood flows
— roots and rhizomes stabilize streambanks
— reduction of velocity can lead to deposit
of water borne soil particles
— certain reeds and bulrushes
ability of improving water quality by
absorbing certain pollutants such as
Disadvantages
- general reluctance of engineers to use
natural material
- native plants are not carried by regular
nurseries and often have to be obtained
by hand or from special nurseries
— flow retardent aspects of vegetative V
waterways need to be taken into account
have cap-
heavy metals, detergents, phenols and idols.
Capital Costs
Dependent on types of vegetation.
May range from $150/ha to $500/ha.
Operating and Maintenance Costs
- should only require minor restoration
after extreme runoff events.
 
Previous Experience
Common practice throughout Great Lakes Basin.
available.
Source of Information
Criteria and plant material widely















































































































































ed by mechanical means.










A well developed design methodology should be used to match
sections tend to revert to a para—
the permissible velocity with the soil conditions and the grass variety that is to be
used.
Properly designed grass channels or waterways will provide a high degree of erosion
control however, the period of innundation must not exceed tolerance of grasses used.
Advantages
— grass lined channels are cheaper than
those lined with concrete or stabilized
by a bio—technical measure
— grass will delay runoff and considerably
reduce energy and consequently erosive
capacity of runoff
- grass channels are visually more accept-
able than those lined with other materials
— vegetative waterway allows infiltration
thereby reducing runoff
Disadvantages
— very careful design and good maintenance
program are necessary if channels with
grass are to be effective without gully
erosion
— installation of new impermeable surfaces
in the channel drainage area may increase
runoff velocity and exceed capacity of
channel
Capital Costs
In place the cost of sod and channel
lining is about $1.20/sq.m. Cost per hect—
are for seeding is around $2000, not in—
cluding top soil but including fertilizat-
ion. Wood and straw mulch about 18¢/sq.m.
Seed, fertilizer and jute mesh costs about
60¢/sq.m.
Operating and Maintenance Costs
Careful maintenance can increase the
capacity of grassed waterways. A yearly
dressing of the proper fertilizer at
about 5¢/sq.m. should be given to all
grassed channels and they should be mowed
regularly to encourage a tight sod.
Previous Experience
Common practice. Design methodologies and criteria well developed and documented.












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































results from straightening of a channel
and can reduce need for channel lining
— area of still water created by falls
often increase recreational value
- deflectors and jetties cause areas of
relatively still water where sediment
loads are precipitated











































































Design methodology and criteria well developed and documented.
major United States rivers, some Ontario rivers,
and a few examples on Great Lakes
Shoreline.
Extensive works on some


























































Effective alternatives to calcium chloride and







































Polyurethane tire chains which are quiet and don't damage road surfaces
Other chemicals used as additives to salts also pollute.
catchbasins.



















Some agencies propose enclosure of all stock—






























































































































































































































Advantages (of limiting deicing salts)
- chloride ions move rapidly in soil & may
pollute ground water G surface water
— chlorides cause serious corrosion to
automobiles, highway.structures etc
— salt may damage roadside vegetation due
to excessive chloride concentration
Disadvantages
— use of deicing salts results from demand
for "bare pavement“ in periods of snow
— policy is based on safety arguments, like
stopping distances for icy roads is
145 meters; 55 metres for sanded G 20
meters for salted, bare but wet roads.
— delays due to snow storms may be costly.
annual loss of an extra hour of time may
result in millions of dollars of produiiv"‘
— effective deic1ng is important
Capital Costs
Reduction in amount ofspreading equipment
required but probable increase in damages
due to accidents.
 
Operating and Maintenance Costs
- decrease in Operating and Management cosu
proportional to reduction in amount
applied.
Previous Experience
Application rates are usually locally determined depending upon specific traffic in-
Ontario Ministry of Transportation and Communications
They also have programs to enclose all salt stockpiles.
tensity and accident frequency.
has done research in this area.
 
Source of Information
98, HRB Report, 134,
 


























































































































































— reliable, low maintenance, simple
— adaptable to many soil conditions
and topographies up to 25% slope.
— limited to porous soils, not good with
shallow soil or high water table
— very granular soils do not retain
phosphorus




Maintenance requirements include periodic pumping out of sludge and scum accumulations
on a frequency of 5 to 10 years depending on the severity of use, products used in
the home, care of disposal of insoluble materials and grease.
Pumpout cost $25 — $50.
Previous Experience
Common use throughout the suburban and rural areas of the Great Lakes Basin. Design
methodology and criteria well developed and documented.
  
Source of Information 77, 140.
 






































































































































































































































































































































































































































































































































































































































































































































Fencing off of watercourses and the provision of alternate sources of water supply are
the most obv1ous methods of reducing this problem.
In some cases, the use of concrete
or gravel access ramps in controlled areas will sufficiently reduce the problem to
still permit direct water usage from the watercourse.
Advantages
Disadvantages
— reduction of direct discharge of live- — increased cost and inconvenience if
stock wastes to watercourses alternate water supply source is required
— maintenance of stable streambanks
Capital Costs Operating and Maintenance Costs
Construction of concrete or gravel ramps - regular cleaning of accumulated
would be in the order of $250 to $500 each. manure aroundand on access ramps
Fencing for the exclusion of livestock from







iource of Information 203: 173: 174-
‘
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Technique is applicable and widely used throughout the Great Lakes Basin.
  







































































































































































































































































































































































velocity, and site accessibility.
General costs range from $40 to $60 per cu.m.
Maintenance is very low.
Previous Experience






































































































































































































































































































































































































































































































for use in streambank and lakeshore protection. Small concrete blocks are






































































































sand is required for these hand laid bricks. Flexibility ofend product is an
































































































































































































System must be protected against freezing.
$4,000 to $7,500 capital
cost plus continuous power consumption of 350 watts.
Ultraviolet light,
filtration
media require frequent replacement and outer unit requires
annual/biennial
cleaning.
Source of Information 207, 237.
_—

































































































































































































- no discharge from toilet wastes















































































































































































































































































































































































































































































































































































































































Most techniques used to control and/or treat feedlot runoff are adaptations of
remedial measures for other purposes.
See also catalogue entries 20, 21, 22, 42,
46, 47, 62, 63, 80, 81.
   

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































- suitable for steep slopes or inaccessible
areas
— flexibility with application rates,
materials and timing
— single operation is fast and effective
with less additional disturbance of area
 
Cost Implications
Hydroseeding costs are generally in the $.10 to $.25 per sq.m. depending upon size






















































































































































































































































































































































































































































































































































































































































































































































































































































On steep slopes up to 1:1
or greater
Some species will do well
on_very sandy or rocky slopes
where grasses might not grow
Many are very shade toler-
ant and can be used where




slopes up to 2:1
.should be used in con—
junction with ground
covers or grasses rather
than alone
.useful for naturalizing
disturbed valley or high-
way slopes
.similar to ground covers
except most require full sun
Remarks
generally slow (l-2yr)
to establish but have
good soil binding pro—
perties when established
. may be expensive depen—
ding on spacing, type,
area to be covered
. generally form a good
mat which prevents pelt-
ing rain from eroding
the soil




. many broadleaf evergreen
species available for
winter effect
. rooting systems have
good soil holding pro—
perties
. require little or no
maintenance
. require a deeper soil




. often display rapid
growth covering large
areas
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